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Background: Moderate alcohol consumption may reduce cardiovascular events, but little is known about its effect on atrial fibrillation in people at high risk of such events. We examined the association between moderate alcohol consumption and the risk of incident atrial fibrillation among older adults with existing cardiovascular disease or diabetes.
Methods:
We analyzed data for 30 433 adults who participated in 2 large antihypertensive drug treatment trials and who had no atrial fibrillation at baseline. The patients were 55 years or older and had a history of cardiovascular disease or diabetes with end-organ damage. We classified levels of alcohol consumption according to median cut-off values for low, moderate and high intake based on guidelines used in various countries, and we defined binge drinking as more than 5 drinks a day. The primary outcome measure was incident atrial fibrillation.
Results: A total of 2093 patients had incident atrial fibrillation. The age-and sex-standardized incidence rate per 1000 person-years was 14.5 among those with a low level of alcohol consumption, 17.3 among those with a moderate level and 20.8 among those with a high level. Compared with participants who had a low level of consumption, those with higher levels had an increased risk of incident atrial fibrillation (adjusted hazard ratio [HR] 1.14, 95% confidence interval [CI] 1.04-1.26, for moderate consumption; 1.32, 95% CI 0.97-1.80, for high consumption). Results were similar after we excluded binge drinkers. Among those with moderate alcohol consumption, binge drinkers had an increased risk of atrial fibrillation compared with non-binge drinkers (adjusted HR 1.29, 95% CI 1.02-1.62).
lel, randomized controlled, double-blind trials that followed a common protocol. The ONTAR-GET trial compared the effects of the combination of telmi sartan plus ramipril with telmisartan or ramipril alone daily in 25 620 patients. The TRANSCEND trial enrolled 5926 participants who were intolerant to angiotensin-convertingenzyme (ACE) inhibitors and compared telmisartan treatment with placebo.
In both trials, patients were included if they were free of heart failure and were at high risk of cardiovascular events (age ≥ 55 years plus a history of either cardiovascular disease [e.g., coronary artery disease, peripheral artery disease and cerebrovascular disease] or diabetes mellitus with end-organ damage). For both trials, participants were recruited from 733 collaborating centres in 40 countries between November 2001 and May 2004 and were followed at 6-month intervals for a median of 56 months. Approval was obtained from the institutional ethics committee of each centre, and all participants provided written informed consent. 8, 9 Assessment of alcohol consumption Alcohol intake was assessed by questionnaire during a baseline clinical visit. Participants were asked for information on whether they regularly consumed alcohol, the number of drinks per week, the number of days per month during which they consumed alcohol and whether they had consumed more than 5 drinks per day.
Regular alcohol consumption was defined as at least 1 drink per week of a standard glass of beer (355 mL), wine (150 mL) or shot of hard liquor (45 mL). We used median cut-off values based on guidelines used in various countries on daily alcohol intake to classify participants' level of consumption as low (< 1 drink/week, reference category), moderate (up to 2 drinks/day [1-14 drinks/week] for women and up to 3 drinks/day [1-21 drinks/week] for men) and high (> 2 drinks/day for women and > 3 drinks/day for men).
1 0 Binge drinking was defined as having more than 5 drinks per day at any one time or a calculated average ingestion of more than 5 drinks per day. The group of binge drinkers was a subgroup of the moderate-and high-intake categories and therefore not mutually exclusive of these groups.
Outcome measures
The primary composite outcome of the main study, published elsewhere, was death from cardiovascular causes, myocardial infarction, stroke or hospital admission because of heart failure. 8 The primary outcome of our analysis was incident atrial fibrillation, which was determined by the site investigators who completed specific questions and event forms on the presence of atrial fibrillation and related conditions at each follow-up visit. Electrocardiograms (ECGs) were required when atrial fibrillation was detected. They were also obtained for all participants at baseline, at 2 years and at the penultimate follow-up visit. Diagnosis of new-onset atrial fibrillation and event dates were made by the site investigators based on the ECGs showing atrial fibrillation; we compiled information for our study from the event forms and follow-up forms completed at each visit.
Statistical analysis
Since the entry criteria and study conduct were similar between the 2 trials, other than ACE inhibitor intolerance in the TRANSCEND trial, we pooled the data from both studies in our analysis. We included data for all of the participants in the 2 trials who had no atrial fibrillation at baseline. Percentages of participants with incident atrial fibrillation and incidence rates per 1000 person-years were obtained. We adjusted standardized incidence rates across alcohol consumption groups for age and sex using the direct standardization approach, with the ONTARGET and TRANSCEND populations as the standard. 11 We used multivariable Cox regression models to test the associations with different levels of alcohol consumption and calculated the hazard ratios (HRs) with 95% confidential intervals (CIs) for atrial fibrillation, based on the time to occurrence of first event. We created 4 adjustment models to calculate HRs using factors that were significant (p < 0.05) in the univariable analysis as well as other risk factors reported in the literature.
To examine the possibility of competing risks of the effect of alcohol intake on death and the effect on the risk of atrial fibrillation, we used a proportional hazards model developed by Fine and Gray. 12 This competing risk regression model considers the effect of alcohol intake on the subhazard function, accounting for the competing risk of all-cause death. We performed subgroup analyses for key characteristics that might modify the association between alcohol intake and atrial fibrillation. Statistical interaction was tested using the Wald test.
We used the statistical software SAS version 8.2 for Unix (SAS Institute Inc, Cary, NC) for all analyses except for the competing risk regression, for which we used the statistical software R, cmprsk package (version 2.2-2, www.rproject .org). A 2-tailed p value of less than 0.05 was considered statistically significant.
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Results
Of the 31 546 patients enrolled in the 2 trials, we excluded 61 (0.2%) because of a lack of relevant information about their alcohol consumption and 1052 (3.3%) because they had evidence of atrial fibrillation at baseline, which left 30 433 for our analysis. The mean age of the patients was 66.4 ± 7.2 years, and 9064 (29.8%) were women. The baseline characteristics are shown in Table 1 (78.7% [948/1204]) were in the group of moderate alcohol consumption (Table 3) .
Incidence of atrial fibrillation
During follow-up, there were 2093 cases of incident atrial fibrillation. Of these, 1507 (72.0%) were clinically apparent episodes, and 586 (28.0%) were asymptomatic and were detected on routine ECGs obtained at 2 years or at the penultimate follow-up visit. A few were detected by ECGs recorded for other reasons. The incidence rate per 1000 person-years was 14.2 in the group with a low level of alcohol consumption, 17.5 in the group of moderate drinkers and 18.7 in the group with a high level of consumption ( Table 4 ). The incidence rates increased with age. As shown in Figure 1 , the increase in incidence with higher alcohol consumption was consistent within each age strata. The absolute increase in the age-and sex-standardized incidence compared with the low-intake group was 2.8 (95% CI 1.4-4.2) events per 1000 personyears in the moderate-consumption group and 6.3 (95% CI 1.7-10.9) events per 1000 personyears in the high-consumption group (Table 4) . Among the binge drinkers, 100 (8.3%) cases of incident atrial fibrillation were found, for a rate of 18.4 events per 1000 person-years.
Association between alcohol intake and atrial fibrillation
The results of our analysis of the influence of alcohol consumption on the risk of incident atrial fibrillation are summarized in Table 5 . Consuming more alcohol was associated with a graded increase in risk of atrial fibrillation in the unadjusted model and after minimal adjustment for age, sex, body mass index and region (p for trend < 0.001). The same was true after further stepwise adjustments for additional risk factors, including a medical history of coronary artery disease, hypertension, stroke or transient ischemic attack, renal disease, being a former smoker, diabetes and stress (Table 5) . In a sensitivity analysis in which we excluded binge drinkers, the estimates for moderate and heavy drinking remained robust (HR 1.13, 95% CI 1.02-1.24 for moderate drinkers and 1.54, 95% CI 1.03-2.29 for heavy drinkers; p for trend = 0.005).
We observed a significant graded increase in the risk of atrial fibrillation when we compared patients who were not binge drinkers (adjusted HR 1.13, 95% CI 1.03-1.24) and those who were binge drinkers (adjusted HR 1.35, 95% CI 1.10-1.67) with patients who had a low level of alcohol consumption (Table 6 ).
To understand better the effect of binge drinking on the risk of atrial fibrillation, we compared binge drinkers and non-binge drinkers among the moderate drinkers only, since 78.7% of binge drinkers came from this group. In this analysis, binge drinking was associated with an increased risk of atrial fibrillation (adjusted HR 1.29, 95% CI 1.02-1.62) compared with non-binge drinking (incidence 8. 
Subgroup analysis
In the subgroup analyses, increasing alcohol consumption was consistently associated with an increased risk of incident atrial fibrillation across different categories of age, sex, and those with or without hypertension or chronic renal disease (Figure 2) . No significant effect modification by risk factors was found. 
Competing risks
Interpretation
In this large cohort of older people with cardiovascular disease or diabetes with end-organ damage followed for 56 months, we found that moderate alcohol intake, as defined using median cut-off values based on guidelines used in various countries, 10 was associated with an increased risk of atrial fibrillation. This finding remained after we adjusted for many of the potential confounders shown to be associated with incident atrial fibrillation. The magnitude of risk was strongly and significantly related to alcohol intake in a dose-response fashion irrespective of other risk factors and lifestyle. Binge drinking, even by those in the moderate-intake group, was significantly associated with an increased incidence of atrial fibrillation, with the magnitude of risk comparable to habitual heavy drinking. Subgroup analyses in our study showed a similar pattern of results across all major subgroups. Because moderate alcohol consumption has been found to be associated with a reduced risk of cardiovascular-related outcomes, including death, 13 the reduced risk of death that we observed among participants who consumed moderate levels of alcohol may allow them to survive long enough to manifest the atrial fibrillation, whereas patients at equal risk of atrial fibrillation who drink little or no alcohol may die before the atrial fibrillation reveals itself. However, when this competing risk was examined by further regression analyses, the HRs did not change materially, which suggests that the harmful effect of alcohol on atrial fibrillation persisted despite the potential for competing risks from death.
Our findings are consistent with those from most of the studies included in a meta-analysis that showed a linear relation (rather than a Jshaped or threshold curve) between alcohol consumption and risk of atrial fibrillation. 14 We extend these findings by providing evidence of a graded relation between alcohol intake and atrial fibrillation among high-risk patients with existing cardiovascular disease or diabetes. The incidence rates of atrial fibrillation that we observed at each level of alcohol intake in this high-risk population were several times higher than the rates reported in the general population or among patients with diabetes. 15, 16 The absolute increase in risk of 2.8 events per 1000 person-years associated with moderate alcohol consumption (Table 4) was much higher than the absolute increases in risk reported in the general population. 15, 16 The effect of moderate alcohol consumption on incident atrial fibrillation is less clear. Our finding of an increased risk of incident atrial fibrillation associated with moderate alcohol consumption among high-risk patients is in contrast to that of several studies that found no increased risk associated with moderate alcohol consumption among people free of cardiovascular disease. 15,17−20 In patients with existing cardiovascular disease, moderate alcohol consumption may incur an equal, or possibly stronger, effect on the risk of atrial fibrillation.
Because drinking moderate quantities of alcohol was common in our study (36.6% of the participants), our findings suggest that the effect of increased alcohol consumption, even in moderate amounts, on the risk of atrial fibrillation among patients with existing cardiovascular disease may be considerable. Using Levin's formula for calculating attributable risk, 21 we estimated that, for every 100 events of atrial fibrillation occurring in the population of moderate drinkers, an estimated 4.9 events (95% CI 1.4-8.7) would be prevented if every person quit drinking. This estimate is comparable to population attributable risk estimates for several other established cardiovascular risk factors. 22, 23 We also examined the effect of binge drinking on the risk of atrial fibrillation in our cohort. The limited data on the association between binge drinking and atrial fibrillation among people with healthy hearts 7 suggested that heavy binge drinking, as may occur on weekends or during holidays ("holiday heart syndrome") may increase the risk in general, but it was unknown whether this would be the case among patients at high risk of cardiovascular events, who do not tend to indulge in heavy binge drinking. Our study showed that the occasional habit of binge drinking placed moderate drinkers at increased risk. Of note, the association between moderate alcohol consumption and atrial fibrillation risk was robust after we excluded binge drinkers from the analysis, and the dose-response relation between alcohol intake and risk of atrial fibrillation was maintained.
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The underlying mechanisms linking alcohol intake to atrial fibrillation are likely multifactorial. Several experimental studies suggest associated harmful effects on maintenance of normal heart rhythm, 14 including a hyperadrenergic state and impairment of vagal tone. Acute alcohol intake in healthy men has been shown to decrease heart rate variability because of diminished vagal modulation. 24 Increased alcohol intake shortens the effective refractory period of the right atrium, which promotes propagation of a critically timed premature atrial complex. 25 Conduction block occurs in some instances, which sets up a disturbed milieu conducive to triggering atrial fibrillation. In patients with stable coronary artery disease, a moderate amount of alcohol ingestion (1.25 g/kg per day) has elicited a significant decrease in vagal modulation of the heart initially, followed by a shift to sympathetic predominance and increased vasomotor activity. 27 Moreover, alcohol intake leading to cardiomyopathy, increased thickening and scarring of cardiac connective tissue, altered oxidative stress, induced electrolyte imbalance and negative inotropic effect through calciumchannel inhibition in ventricular cells may also play roles in the pathogenic process.
Strengths and limitations
We examined the association between alcohol consumption and risk of atrial fibrillation in a cohort of high-risk older patients with existing cardiovascular disease or diabetes, in contrast to other studies that involved otherwise healthy individuals in the general population. Other strengths of our study are its prospective design, the large sample, the large number of events, worldwide participants, the availability of detailed covariates that could be used to adjust for a broad range of potential confounders, high completeness of systematically collected data and confirmed outcomes.
Our study had limitations. First, alcohol intake was self-reported at baseline but was not assessed during follow-up. Any changes in alcohol consumption over time would not have been captured. Second, the proportion of participants who were heavy drinkers was small, because those who were recruited and who remained in the trials were unlikely to include the heaviest drinkers. Third, recorded levels of alcohol ingestion may have been influenced by observer and respondent interpretation; however, the definition we used is commonly used in epidemiologic studies. Fourth, because ECGs were not required at each follow-up visit, episodes of asymptomatic paroxysmal atrial fibrillation may have been missed; therefore, the incidence of atrial fibrillation may be underestimated. Fifth, patients with atrial fibrillation at baseline were excluded from our analysis. Such patients may have had atrial fibrillation as a result of alcohol consumption; therefore, the association between alcohol consumption and atrial fibrillation may be underestimated. Finally, information on thyroid function was not available.
Conclusion
Moderate to high alcohol intake was associated with an increased incidence of atrial fibrillation among patients aged 55 or older with existing cardiovascular disease or diabetes. Among moderate drinkers, the effect of binge drinking on the risk of atrial fibrillation was similar to that of habitual heavy drinking. Recommendations about the protective effects of moderate alcohol intake in patients at high risk of cardiovascular disease may need to be tempered with these findings.
